. These characteristics indicate that NOG mice constitute an excellent humanized mouse model in which engrafted cells and tissues function as they do in humans [8] . At present, various studies using humanized mouse models based on NOG mice have been carried out in various fields of human disease research [10, 11, 19] , where they have proved to be very useful tools. The immunological deficiencies that underlie the high engraftment levels of NOG mice are derived from three immunodeficient mice. Reduced macrophage function and complement activity originate from a NOD inbred strain [17] , T and B cell deficiencies from SCID mice with the scid mutation [1], and NK cell deficiency and multiple cytokine dysfunction from null KO mice [13] . Among these immunodeficiencies, the lack of functional T and B cells in mice with the scid mutation is a result of defective gene recombination events in T cell receptors (TCR) and immunoglobulins [16] . These mice -Note-
Xenotransplantation using immunodeficient mice is a valuable tool in different biomedical research fields. Recently, severely immunodeficient NOD/Shi-scid IL-2Rγ null (NOG: formally NOD.Cg-Prkdc scid Il2rg tm1Sug /ShiJic) mice were developed by introducing the IL-2Rγ null gene of IL-2Rγ null KO mice into NOD/Shi-Prkdc scid (NOD-scid) mice through backcross mating. The transfer of human umbilical cord blood CD34 + hematopoietic stem cells (HSCs) into NOG mice resulted in high engraftment levels and the differentiation of HSCs into multiple cell lineages in NOG mice [7] . These characteristics indicate that NOG mice constitute an excellent humanized mouse model in which engrafted cells and tissues function as they do in humans [8] . At present, various studies using humanized mouse models based on NOG mice have been carried out in various fields of human disease research [10, 11, 19] , where they have proved to be very useful tools. The immunological deficiencies that underlie the high engraftment levels of NOG mice are derived from three immunodeficient mice. Reduced macrophage function and complement activity originate from a NOD inbred strain [17] , T and B cell deficiencies from SCID mice with the scid mutation [1] , and NK cell deficiency and multiple cytokine dysfunction from null KO mice [13] . Among these immunodeficiencies, the lack of functional T and B cells in mice with the scid mutation is a result of defective gene recombination events in T cell receptors (TCR) and immunoglobulins [16] . These mice -Note-show two characteristic phenotypes with regard to lymphocytes: a high incidence of thymic lymphoma and an unresolved phenomenon termed "leakiness", in which oligoclonal T and B cells spontaneously occur in aged mice despite the absence of T and B cells in SCID mice [2, 4] . Leakiness resulted in immunoglobulin production in sera by B cells and the development of functional T cells showing IL-2 dependent growth and normal TCR gene rearrangement [3] . Although no antibodies against specific antigens are produced in SCID mice, leakiness is a factor to consider in the interpretation of experimental results. The presence of the scid mutation in the genotype of NOG mice implies that thymic lymphoma and leakiness are also expected to occur in NOG mice. Recently, Kato et al. reported an extremely low incidence (0.7%) of thymic lymphoma in NOG mice [9] . However, the occurrence of leakiness in NOG mice is not clear. To address this issue, we made a comparative examination of serum immunoglobulin levels and the presence of T and B cells in the spleen and peripheral blood of aged NOG, C.B-17-scid and NOD-scid mice.
Aged C.B-17-scid and NOD/Shi-scid mice were obtained from CLEA Japan Inc., Tokyo, Japan. Aged NOG mice were obtained from the Central Institute for Experimental Animals (CIEA), Kawasaki and CLEA Japan Inc. IQI mice were obtained from CIEA. The age of these mice ranged from 6 to 10 months, with the exception of IQI mice, which were 10 weeks old. All mice were maintained under specific pathogen-free (SPF) conditions.
This study was performed in accordance with our institutional guidelines and was approved by the Animal Experimentation Committee of CIEA.
To determine the presence of B cell leakiness in NOG mice, serum immunoglobulin levels were assessed using ELISA in 50 NOD-scid, 121 NOG (71 from CIEA and 50 from CIEA Japan) and 4 IQI mice, which are considered to have a normal immunoglobulin level, as controls. Blood was obtained from the retro-orbital plexus or the abdominal vein of the mice. Serum was separated by centrifugation after clotting for 1 h at room temperature. Sandwich ELISA was performed to quantitate the serum IgG and IgM class immunoglobulins (Igs) using Mouse IgG and IgM ELISA Quantitation kits (Bethyl Laboratories Inc., Montgomery, TX, USA) according to the manufacturer's protocol. Briefly, each well of a 96-well microplate was coated with 100 µl of affinity purified anti-mouse IgG or IgM antibodies by overnight incubation at 4 o C. After washing and blocking, 100 µl of diluted mouse serum samples and mouse reference serum were added, and the plates were incubated for 2 h. Sera from IQI mice were diluted 10 4 fold, while those from NOD-scid and NOG mice were diluted 10 fold. After washing, 100 µl of horseradish peroxidase-conjugated anti-mouse IgG or IgM antibodies were added and incubated for 1 h. The wells were washed again, and 3,3',5,5'-tetramethyl benzidine (TMB) substrate solution was added. After incubation for 15 min at room temperature, 100 µl of 4 N H 2 SO 4 was added to stop the reaction. The optical density of the solution at 450 nm was measured with a microplate reader (Model 680, Bio-Rad Laboratories, Hercules, CA, USA). The limit of detection in this ELISA was estimated to be 0.01 µg/ml as determined using the reference serum.
As shown in Fig. 1 , Igs (IgG + IgM) at concentrations ranging between 1 and 10 µg/ml were detected in 15 (30 %) of 50 NOD-scid mice. These Ig levels were not considered representative of leakiness as they fell below the 10 µg/ml of serum Ig levels that define the leaky phenotype [5] . However, 121 of the NOG mice tested in the present study did not show detectable Igs. In contrast, a previous study detected Ig levels higher than 10 µg/ml and ranging from 1 to 10 µg/ml of serum Ig (IgG + IgM + IgA) levels in 31 (12.7%) and 20 (8.4 %) of 243 C.B-17-scid mice at 6 months of age, respectively [6] . In this study, total serum Ig levels including IgA can be considered equivalent to levels of IgG and IgM because IgA is not a major component of leaked Ig [2] . Bosma et al. also reported that 78 (14.3%) of 545 mice of 3 to 4 months of age showed serum Ig levels ranging from 0.1 to >6.4 mg/ ml [2] . These results suggested that NOG mice had no B cell leakiness, and NOD-scid mice had less B cell leakiness than C.B-17-scid mice with regard to immunoglobulin production.
To determine the leakiness of T cells in NOG mice, flow cytometry analysis of cells from the peripheral blood (PB) and spleen of 18 NOG, 9 NOD-scid, 10 C.B-17-scid and 4 IQI mice as controls was performed. PB was collected from an abdominal vein of the mice placed under anesthesia with isoflurane, the spleens were re-moved, and cells were prepared as previously described [7] . reported the presence of strain differences in leakiness by comparing Ig production between two strains, C.B-17-scid and C3H-scid mice [12] . The present difference in the frequency of the leaked T and B cells may also IgM levels in sera from NOD-scid and NOG mice were measured as described in the text. The values of IgG+IgM+IgA levels in C.B-17-scid mice were obtained from Ito et al. [7] .
be attributable to mouse strain differences between C.B-17 and NOD mice, although the mechanism underlying the leakiness in each mouse strain is unclear. A previous study by our group showed the absence of Ig production and T cell leakiness in BALB/cA-scid, nu mice [5] . The absence of leaky cells in these mice may be due to the lack of T cell development in the absence of a thymus. We previously hypothezed that immunoglobulin production from B cells occurred with the aid of the leaked T cells; therefore, the absence of B cell leakiness is due to the lack of T cell development in BALB/cA-scid, nu mice. However, the present results show that Ig production in C.B-17-scid mice was much higher than in NOD-scid mice, and B cells were dominant in C.B-17-scid mice, while T cells were dominant in NOD-scid mice. These results suggest that immunoglobulin production may be dependent on B cell leakiness, but is rarely influenced by T cells. The leakiness of T and B cells would therefore be independent events. The absent or suppressed Ig production in NOG and NOD-scid mice may be attributable to the specific characteristics of the NOD strain of mice. In NOG mice, the lack of detectable serum Igs might be due to inactivation of IL-4 and IL-7 receptors. The IL-7 receptor is essential for the development of B cells, in particular for the developmental progression from pro-B cells to pre-B cells [18] , and IL-4 plays an important role in B cell activation [14] . The inactivation of IL-4 and IL-7 receptors sharing IL-2Rγ as a subunit in NOG mice may result in the suppression of B cell development in these mice.
The incidence of thymic lymphoma, which is one of the characteristics of SCID mice, is higher in NOD-scid mice than in C.B-17-scid mice. Prochazka et al. reported that the high incidence of thymic lymphoma in NODscid mice is caused by the expression of a NOD mouseunique endogenous ectopic murine leukemia provirus [15] . Recently, Kato et al. reported an extremely low incidence of thymic lymphoma in NOG mice, which exhibited an incidence of 0.7% [9] . They suggested that the development of thymic lymphoma in NOD-scid mice may be dependent on cytokine signaling mediated by the IL-2Rγ chain. In the present study, although T cell leakiness was not observed in NOG mice, NOD-scid mice showed high levels of T cell leakiness. The absence of T cell leakiness in NOG mice may also be due to the lack of a receptor for T cell growth factors, such as IL-2, IL-4, and IL-7, which are responsible for cytokine signaling. The relationship between T cell leakiness and thymic lymphoma remains unclear. Previous work has shown that thymic lymphoma does not occur in BALB/ cA-scid, nu mice [5] ; therefore, the growth and progression of thymic lymphoma in SCID mice may be a secondary effect of the leaked T cells, as speculated by Bosma et al. [2] . The low incidence of thymic lymphoma observed in NOG mice could then be the result of the lack of T cell leakiness in these mice.
The results of the present study revealed differences in the prevalence of T and B cell leakiness between C.B-17-scid and NOD-scid mice and in the lack of B or T cell leakiness in NOG mice, as well as in the absence of thymic lymphoma in these animals. NOG mice might therefore be useful in xenotransplantation experiments based on their high engraftment levels, lack of T and B cell leakiness, and no incidence of thymic lymphoma. 
